Pseudomonas aeruginosa remains an important human pathogen, especially in hospital-acquired infections and in infections acquired by granulocytopenic patients (2, 4) . A noncultural rapid method for diagnosing these infections should have important applications. First, early institution of specific antibiotic combinations, such as tobramycin and ticarcillin, appears to improve survival in P. aeruginosa infections (1, 17) . Such combinations are probably not optimal for certain other pathogens such as Klebsiella pneumoniae (8) . Thus, a rapid diagnostic test would allow proper selection of initial antibiotic therapy. Secondly, in nosocomial pneumonias, a large variety of organisms must be suspected as etiologies (2, 12) . Sputum culture results are usually difficult to interpret since upper airway contaminants may grow in addition to the true pathogen(s). Detection of circulating P. aeruginosa antigens in such a patient would suggest the presence of large numbers of P. aeruginosa in the patient, implicating it as a true pathogen. We, therefore, developed a solid-phase radioimmunoassay for detecting P. aeruginosa antigens (7) . The assay was useful for detecting antigens in crystalloid solvents, including urine (7), but not in serum. We have subsequently found methods to improve the sensitivity of the assay for detecting antigens in serum. We report here an evaluation of this assay, modified to improve antigen detection in serum, for detecting antigens in granulocytopenic rabbits with P. aeruginosa sepsis.
MATERIALS AND METHODS
Solid-phase radioimmunoassay. The basic radioimmunoassay technique has been described in detail elsewhere (7) . In brief, 0.2-ml portions of immunoglobulin G (IgG) antibody, 20 ExperimentalP. aeruginosa sepsis. A previously described rabbit model was used (21) . To induce granulocytopenia, rabbits were injected intravenously with nitrogen mustard, 3 mg/kg, on day 1. Beginning on that same day, the rabbits were given drinking water and daily eye drops containing serotype 6 P. aeruginosa organisms. Procaine penicillin G, 625 mg intramuscularly daily, was given to prevent Pasturella multocida infections. Beginning on day 3 the rabbits were bled twice daily by ear venipuncture. Blood was cultured qualitatively and, usually, quantitatively; remaining blood was frozen as serum or plasma for later testing in the radioimmunoassay. Rabbits appearing moribund were exsanguinated by cardiac puncture, and the blood was handled similarly. Control samples consisted of serum from normal rabbits; culture-negative specimens from granulocytopenic rabbits were used as additional controls.
P. aeruginosa lipopolysaccharide. The lipopolysaccharide antigen used in these experiments was prepared by hot phenol-water extraction and ultracentrifugation as described by Westphal and Jann (20) .
RESULTS
Lipopolysaccharide detection in serum and in saline. Serotype 6 P. aeruginosa lipopolysaccharide was dissolved in either 0.1 M Tris-0.15 M NaCI or normal human serum. Whereas the lipopolysaccharide detection limit in buffered saline was 0.05 ,g/ml, the detection limit in serum was only 10 ,g/mI (Fig. 1) Subsequent rabbit specimens were tested after heating for 30 min at 560C. Of 20 culture-positive granulocytopenic rabbits so tested, 20% were positive in the radioimmunoassay (Fig. 4) 15 culture-negative granulocytopenic rabbits (-), and 38 normal rabbits (N) were tested in the radioimmunoassay after heating at 56°C for 30 min. The broken line is drawn at 3 standard deviations above the normal rabbit group mean. Twentypercent of the culture-positive, but none of the other rabbits, had detectable circulating antigens.
bits. Of five rabbits with 103 or more colonyforming units per ml of blood, four were positive in the assay (Fig. 5) . Colony counts ranged from 2 to 300/ml in the remaining 12 rabbits, none of which was positive. Thus, antigens were detected in animals with overwhelming bacteremia.
We have previously shown that the radioimmunoassay distinguishes P. aeruginosa antigens from other bacterial antigens both in broth culture supernatants and in urine from bacteriuric patients (7) . As an additional test of specificity, serum from an antigen-positive bacteremic rabbit was absorbed with gamma globulins, prepared by ammonium sulfate precipitation, from rabbits hyperimmunized with sonic extracts of an Escherichia coli isolate and of a Salmonella minnesota Re mutant strain. As shown in Table  1 , absorption with the anti-S. minnesota gamma globulin did not inhibit detection. Absorption with the E. coli gamma globulin slightly diminished the amount of antigen detected, but not to the degree seen with the anti-P. aeruginosa gamma globulin. Thus, the antigen detected was of bacterial origin and not rheumatoid factor or similar activity.
DISCUSSION
Our initial attempts to detect antigens by solid-phase radioimmunoassay indicated that, although P. aeruginosa urinary tract infections could be detected with ease (7), components of human serum markedly inhibit antigen detection. Lipopolysaccharide was used as the test antigen because it is relatively simple to purify VOL. 12, 1980 (10) . However, we subsequently noted that addition of heparin to serum was as effective as using plasma as the lipopolysaccharide solvent. Since heparin inhibits complement activation (11, 19) , heating serum at 56°C for 30 min was tried and found to be equally effective. We have subsequently found that detection of staphylococcal and hepatitis B surface antigens by solid-phase radioimmunoassay is also improved by heating at 560C (18) .
The inhibitory effect of complement is at least partially due to activation of the complement system by the IgG-coated tubes (18) , probably resulting in coating of the IgG by complement components, thus rendering them unavailable for attachment to antigens. This inhibitory effect would probably apply to any antigen detection system which uses an antibody-coated solid phase. Additionally, some antigens, including lipopolysaccharides (5, 14) , may themselves activate complement, resulting in a complement coat which interferes with binding to antibodies.
Using 56°C heated test specimens the radioimmunoassay detected circulating antigens in four of five granulocytopenic rabbits with 2,400 to 30,000 bacteria per ml of blood. Since the assay does not detect antigens in the broth of growth-phase cultures until >103 organisms are present (6), it seems unlikely that the antigens detected were strictly cell associated. Growing bacteria are known to release cell wall materials into the growth medium (13) . It seems likely that numerous metabolically active bacteria are required to produce these materials in sufficient quantity to be detected in the assay, since the body rapidly clears at least some bacterial components (15) . It is possible that a different infection model consisting of local collections of large numbers of bacteria, such as pneumonia or abscesses, would have resulted in more antigen production at lower levels of bacteremia.
Whether failure to detect antigens in rabbits with fewer than 103 bacteria per ml of blood represents effective host clearance of antigen or inadequate assay sensitivity is unclear. The test antigen, P. aeruginosa lipopolysaccharide, was detectable in heated serum at 0.625 ,ug/ml. Lower levels of circulating bacterial antigens have been detected in certain other infections (3, 5, 16) . Improvement of the sensitivity of the assay would probably allow detection of antigens in more annals. However, residual inhibitory activity of serum persists, even after heating at VOL. 12, 1980 chloroform. Since the assay in its present form has demonstrated the presence of detectable circulating antigens in P. aeruginosa sepsis, further efforts are being expended in our and other laboratories to improve the sensitivity of the assay.
Finally, although the test antigen used to develop this assay is lipopolysaccharide, we do not know the identity of the antigen(s) present in the bacteremic rabbits. The antiserum used in the assay was elicited by immunization with whole P. aeruginosa organisms. Analysis of this serum by crossed gel electrophoresis with a sonic extract of the serotype 6 P. aeruginosa organisms as antigen revealed at least 14 precipitin arcs. Thus, the assay system is theoretically capable of detecting many different components of the P. aeruginosa organisms in addition to the lipopolysaccharide. Knowledge of which component(s) were detected should allow improvement of the sensitivity of the assay by using monospecific antibodies as the assay second antibody. Experiments to identify the antigen(s) are in progress.
